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(57) ABSTRACT

A solder resist composition includes: a carboxyl group-
containing resin; a photopolymerizable compound; a pho-
topolymerization 1nitiator containing a bisacylphosphine
oxide-based photopolymernization imtiator and an o-hy-
droxy alkylphenone-based photopolymerization imtiator;
and a fluorescent dye. The bisacylphosphine oxide-based
photopolymerization 1nmitiator contains bis-(2,4,6-trimethyl-
benzoyl)-phenylphosphine oxide. The a-hydroxy alkylphe-
none-based photopolymerization initiator contains 2-hy-
droxy-2-methyl-1-phenyl-propane-1-one. A mass ratio of
the bis-(2,4,6-trimethylbenzoyl)-phenylphosphine oxide to
the 2-hydroxy-2-methyl-1-phenyl-propane-1-one 1s 2:1 to
1:10.
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SOLDER RESIST COMPOSITION AND
COVERED PRINTED WIRING BOARD

TECHNICAL FIELD

The present invention relates to solder resist compositions
and covered printed wiring boards, and specifically relates
to: a solder resist composition which has photocurability and
can be developed with an alkaline solution; and a covered
printed wiring board including a solder resist layer formed
with the solder resist composition.

BACKGROUND ART

In recent years, as a method for forming solder resist
layers on printed wiring boards for consumer use and
industrial use, a developable solder resist composition with
excellent resolution and dimensional accuracy has been
widely used, instead of a screen printing method, 1in order to
increase the density of wiring on the printed wiring board.

Additionally, 1n recent years, there 1s an increasing use of
optical elements, such as light-emitting diodes, mounted
directly on a printed wiring board covered with a solder
resist layer, wherein the light-emitting diodes are often used
for: backlights 1 liquid crystal displays for mobile termi-
nals, personal computers, and televisions; and light sources
for lighting devices. Furthermore, when titanium dioxide 1s
contained 1n the solder resist layer on the printed wiring
board mounted with optical elements, the solder resist layer
1s whitened and therefore light emitted from the optical
clements 1s efliciently retlected at the solder resist layer (see
IP5513965B2).

However, in a process of curing the solder resist compo-
sition under exposure to light, titanium dioxide contained 1n
the solder resist composition may cause difliculty 1n curing,
of the solder resist composition due to titantum dioxide
reflecting or absorbing light. Especially when the solder
resist composition contains a large amount of titanium
dioxide, 1t 1s difficult for the solder resist layer formed with
the solder resist composition to completely cure down to a
deep part of the solder resist layer. If the deep part of the
solder resist layer 1s not thoroughly cured, it 1s likely for
defects to occur, such as lowered resolution 1n development,
wrinkles on the solder resist layer caused by a diflerence in
curing shrinkages of the deep part and a surface of the solder
resist layer, and cracks on the solder resist layer when heated
due to a partial stress caused by a diflerence in thermal
expansion coellicients of the deep part and the surface of the
solder resist layer. In addition, the solder resist composition
1s also required to have good storage stability.

SUMMARY OF INVENTION

The present invention has been made in light of the
above-described circumstances, and 1t 1s an object thereof to
provide: a solder resist composition which has good storage
stability and can form a coating film thoroughly curable
from a surface to a deep part under exposure to light; and a
covered printed wiring board including a solder resist layer
formed with the solder resist composition.

A solder resist composition according to one aspect of the
present invention 1cludes: (A) a carboxyl group-containing,
resin; (B) a photopolymerizable compound selected from a
group consisting of a photopolymerizable monomer and a
photopolymerizable prepolymer; (C) a photopolymerization
initiator containing a bisacylphosphine oxide-based photo-
polymerization imnitiator and an a-hydroxy alkylphenone-
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based photopolymerization initiator; and (D) a fluorescent
dye. The bisacylphosphine oxide-based photopolymeriza-
tion 1mtiator 1s bis-(2,4,6-trimethylbenzoyl)-phenylphos-
phine oxide The a-hydroxy alkylphenone-based photopoly-
merization 1nitiator 1s  2-hydroxy-2-methyl-1-phenyl-
propane-1-one. A mass ratio of the bis-(2,4,6-
trimethylbenzoyl)-phenylphosphine oxide to the 2-hydroxy-
2-methyl-1-phenyl-propane-1-one 1s 2:1 to 1:10.

A covered printed wiring board according to one aspect of
the present invention includes: a printed wiring board; and
a solder resist layer covering the printed wiring board. The
solder resist layer 1s formed with the solder resist compo-
sition.

DESCRIPTION OF EMBODIMENTS

An embodiment for implementing the present invention 1s
now described. It should be noted that 1in the description
from now on, acryloyl and/or methacryloyl are represented
as (meth)acryloyl. Also, acrylate and/or methacrylate are
represented as (meth)acrylate. Also, acrylic acid and/or
methacrylic acid are represented as (meth)acrylic acid.
[(A) Carboxyl Group-Containing Resin]

In the present embodiment, the solder resist composition
contains a carboxyl group-containing resin as an (A) com-
ponent. The carboxyl group-containing resin can provide a
coating film formed with the solder resist composition with
developability 1n an alkaline solution, 1.e., alkaline devel-
opability.

[(A1) Carboxyl Group-Containing Resin which Contains a
Carboxyl Group but does not Contain any Photopolymeriz-
able Functional Groups]

The carboxyl group-containing resin may contain a com-
pound (hereinafter referred to as a component (Al)) which
contains a carboxyl group but 1s not photopolymerizable.

The component (Al) contains, for example, a polymer of
an ethylene-based unsaturated monomer including an eth-
ylene-based unsaturated compound which contains a car-
boxyl group. The ethylene-based unsaturated monomer may
further contain an ethylene-based unsaturated compound
which does not contain any carboxyl groups.

The ethylene-based unsaturated compound which con-
tains a carboxyl group may contain appropriate polymers
and prepolymers, and may contain, for example, a com-
pound which contains only one ethylene-based unsaturated
group. More specifically, the ethylene-based unsaturated
compound which contains a carboxyl group may contain one
or more kinds of compounds selected from a group consist-
ing of, for example, acrylic acid, methacrylic acid, m-car-
boxyl-polycaprolactone (n~2) monoacrylate, crotonic acid,
cinnamic acid, 2-acryloyloxyethyl succimic acid, 2-meth-
acryloyloxyethyl succinic acid, 2-acryloyloxyethyl phthalic
acid, 2-methacryloyloxyethyl phthalic acid, [3-carboxyethy-
lacrylate, 2-acryloyloxypropyl phthalic acid, 2-methacry-
loyloxypropyl phthalic acid, 2-acryloyloxyethyl maleic acid,
2-methacryloyloxyethyl maleic acid, 2-acryloyloxyethyl tet-
rahydrophthalic acid, 2-methacryloyloxyethyl tetrahy-
drophthalic acid, 2-acrvloyloxyethyl hexahydrophthalic
acid, and 2-methacryloyloxyethyl hexahydrophthalic acid.
The ethylene-based unsaturated compound which contains a
carboxyl group may also contain a compound which con-
tains multiple ethylene-based unsaturated groups. More spe-
cifically, for example, the ethylene-based unsaturated com-
pound which contains a carboxyl group may contain a
compound obtained by reacting a dibasic acid anhydride
with a polyfunctional (meth)acrylate which contains a
hydroxyl group selected from a group consisting of pen-
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taerythritol triacrylate, pentaerythritol trimethacrylate, trim-
cthylolpropane diacrylate, trimethylolpropane dimethacry-
late, dipentaerythritol pentaacrylate, and dipentaerythritol
pentamethacrylate. These compounds may be used alone or
in combination.

The ethylene-based unsaturated compound which does
not contain any carboxyl groups may be any compound as
long as 1t 1s copolymerizable with the ethylene-based
unsaturated compound which contains a carboxyl group.
The ethylene-based unsaturated compound which does not
contain any carboxyl groups may contain either one of an
aromatic ring-containing compound and an aromatic ring-
free compound.

The aromatic ring-containing compound may contain one
or more kinds of compounds selected from a group consist-
ing of, for example, 2-(meth)acryloyloxyethyl-2-hydroxy-
cthyl phthalate, benzyl (meth)acrylate, neopentyl glycol
benzoate (meth)acrylate, paracumyl phenoxyethylene glycol
(meth)acrylate, EO-modified cresol (meth)acrylate, ethoxy-
lated phenyl (meth)acrylate, nonylphenoxy polyethylene
glycol (meth)acrylate (n=2-17), ECH-modified phenoxy
(meth)acrylate, phenoxy diethylene glycol (meth)acrylate,
phenoxyethyl (meth)acrylate, phenoxy hexaethylene glycol
(meth)acrylate, phenoxy tetracthylene glycol (meth)acry-
late, tribromophenyl (meth)acrylate, EO-modified tribro-
mophenyl (meth) acrylate, EO-modified bisphenol A di(me-
th)acrylate, PO-modified bisphenol A di(meth)acrylate,
modified bisphenol A di(meth)acrylate, EO-modified bis-
phenol F di(meth)acrylate, ECH-modified phthalic acid
di(meth)acrylate, trimethylolpropane benzoate (meth)acry-
late, EO-modified phthalic acid (meth)acrylate, EO/PO-
modified phthalic acid (meth)acrylate, N-phenylmaleimide,
N-benzylmaleimide, N-vinylcarbazole, styrene, vinylnaph-
thalene, and 4-vinylbiphenyl.

The aromatic rnng-free compound may contain one or
more kinds of compounds selected from a group consisting,
of, for example, straight or branched aliphatic (imeth)acrylic
acid esters or alicyclic (meth)acrylic acid esters (which may
contain unsaturated bonding partially in a carbon ring),
hydroxvalkyl (meth)acrylates, alkoxvalkyl (meth)acrylates,
and N-substituted maleimides such as N-cyclohexylmaleim-
ide. The aromatic ring-free compound may further contain a
compound which contains two or more ethylene-based
unsaturated groups per molecule, such as polyethylene gly-
col di(meth)acrylate, polypropylene glycol di(meth)acry-
late, trimethylolpropane tri{meth)acrylate, and pentaerythri-
tol tri{meth)acrylate. These compounds may be used alone
or in combination. These compounds are preferred since
hardness and oiliness of the solder resist layer can be easily
adjusted.

Kinds and ratios of compounds used to obtain the com-
ponent (Al) are appropriately selected so that an acid value
of the component (Al) 1s an appropriate value. The acid
value of the component (Al) 1s preferably within a range of
20 to 180 mgKOH/g and further preterably within a range of
35 to 165 mgKOH/g.

[(A2) Carboxyl Group-Containing Resin which Contains a
Carboxyl Group and a Photopolymerizable Functional
Group|

The carboxyl group-containing resin may also contain
photopolymerizable carboxyl group-contaiming resin (here-
iafter referred to as a component (A2)) which contains a
carboxyl group and a photopolymerizable functional group.
The photopolymerizable functional group is, for example, an
cthylene-based unsaturated group.

The component (A2) may contain resin (heremafter
referred to as first resin (a)), for example, having a structure
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resulting from an addition reaction of: at least one kind of a
compound (a3) selected from polycarboxylic acids and
anhydrides thereof; and a reaction product between an
cthylene-based unsaturated compound (a2) which contains a
carboxyl group and at least one epoxy group 1n an €poxy
compound (al) which contains two or more epoxy groups
per molecule.

The epoxy compound (al) may contain at least one kind
of compound selected from a group consisting of, for
example, cresol novolak epoxy resin, phenol novolak epoxy
resin, bisphenol A epoxy resin, bisphenol F epoxy resin,
bisphenol A-novolak epoxy resin, naphthalene epoxy resin,
biphenyl epoxy resin, biphenyl aralkyl epoxy resin, trigly-
cidyl 1socyanurate, and alicyclic epoxy resin.

The epoxy compound (al) may contain a polymer of an
cthylene-based unsaturated compound (p) which includes an
epoxy group-containing compound (pl). The ethylene-based
unsaturated compound (p) provided for a synthesis of the
polymer may contain the epoxy group-containing compound
(pl) alone or i combination with an epoxy group-iree
compound (p2).

The epoxy group-containing compound (pl) may contain
a compound selected from appropriate polymers and pre-
polymers. Specifically, the epoxy group-containing com-
pound (pl) may contain one or more kinds of compounds
selected from a group consisting ol epoxy cyclohexyl
derivatives of acrvlic acids, epoxy cyclohexyl derivatives of
methacrylic acids, alicyclic epoxy derivatives of acrylates,
alicyclic epoxy derivatives of methacrylates, 3-methyl gly-
cidyl acrylates, and 3-methyl glycidyl methacrylates. Espe-
cially, the epoxy group-containing compound (pl) i1s pre-
ferred to contain glycidyl (meth)acrylate, which 1s widely
used and easily obtained.

The epoxy group-iree compound (p2) may be any com-
pound as long as 1t 1s copolymerizable with the epoxy
group-containing compound (pl). The epoxy group-iree
compound (p2) may contain one or more kinds of com-
pounds selected from a group consisting of, for example,
2-(meth)acryloyloxyethyl phthalate, 2-(meth)acryloyloxy-
cthyl-2-hydroxyethyl phthalate, 2-(meth)acryloyloxypropyl
phthalate, benzyl (meth)acrylate, neopentyl glycol benzoate
(meth)acrylate, paracumyl phenoxyethylene glycol (meth)
acrylate, EO-modified cresol (meth)acrylate, ethoxylated
phenyl (meth)acrylate, nonylphenoxy polyethylene glycol
(meth)acrylate (polymerization degree n=2-17), ECH-modi-
fied phenoxy (meth)acrylate, phenoxy diethylene glycol
(meth)acrylate, phenoxyethyl (meth)acrylate, phenoxy
hexaethylene glycol (meth)acrylate, phenoxy tetracthylene
glycol (meth)acrylate, tribromophenyl (meth)acrylate, EO-
modified tribromophenyl (meth) acrylate, EO-modified bis-
phenol A di(meth)acrylate, PO-modified bisphenol A di(ime-
th)acrylate, modified bisphenol A  di(meth)acrylate,
EO-modified bisphenol F di(meth)acrylate, ECH-modified
phthalic acid di(meth)acrylate, trimethylolpropane benzoate
(meth)acrylate, EO-modified phthalic acid (meth)acrylate,
EO/PO-modified phthalic acid (meth)acrylate, vinylcarba-
zole, styrene, N-phenylmaleimide, N-benzylmaleimide,
N-succinimidyl 3-maleimidobenzoate, straight or branched
aliphatic (meth)acrylic acid esters or alicyclic (imeth)acrylic
acid esters (which may contain unsaturated bonding partially
in a carbon ring), hydroxyalkyl (meth)acrylates, alkoxyalkyl
(meth)acrylates, and N-substituted maleimides (for
example, N-cyclohexylmaleimide).

The epoxy group-iree compound (p2) may further contain
a compound which contains two or more ethylene-based
unsaturated groups per molecule. When this compound 1s
used and an amount thereot 1s adjusted, the hardness and the
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oiliness of the solder resist layer can be easily adjusted. The
compound which contains two or more ethylene-based
unsaturated groups per molecule may contain one or more
kinds of compounds selected from a group consisting of, for
example, polyethylene glycol diimeth)acrylate, polypropyl-
ene glycol di(meth)acrylate, trimethylolpropane tri(meth)
acrylate, and pentaerythritol tri{meth)acrylate.

The ethylene-based unsaturated compound (p) 1s polym-
erized to obtain polymers by a known polymerization
method such as, for example, solution polymerization and
emulsion polymerization. Examples of the solution polym-
erization include: a method in which the ethylene-based
unsaturated compound (p) 1s heated and stirred 1n presence
ol a polymerization initiator in an appropriate organic sol-
vent under a nitrogen atmosphere; and azeotropic polymer-
1zation.

The organic solvent used for polymerization of the eth-
ylene-based unsaturated compound (p) may contain one or
more kinds of compounds selected from a group consisting
of: for example, ketones such as methyl ethyl ketone and
cyclohexanone; aromatic hydrocarbons such as toluene and
xylene; acetic esters such as ethyl acetate, butyl acetate,
cellosolve acetate, butyl cellosolve acetate, carbitol acetate,
butyl carbitol acetate, and propylene glycol monomethyle-
ther acetate; and dialkyl glycol ethers.

The polymerization initiator used for polymerization of
the ethylene-based unsaturated compound (p) may contain
one or more kinds of compounds selected from a group
consisting of, for example, hydroperoxides such as diiso-
propylbenzene hydroperoxide, dialkyl peroxides such as
dicumyl peroxide and 2,35-dimethyl-2,5-di-(t-butylperoxy)-
hexane, diacyl peroxides such as 1sobutyryl peroxide, ketone
peroxides such as methyl ethyl ketone peroxide, alkyl per-
esters such as t-butyl peroxypivalate, peroxydicarbonates
such as diisopropyl peroxydicarbonate, azo compounds such
as azobisisobutyromitrile, and redox type initiators.

The ethylene-based unsaturated compound (a2) may con-
tain a compound selected from a group consisting of appro-
priate polymers and prepolymers. The ethylene-based
unsaturated compound (a2) may contain a compound which
contains only one ethylene-based unsaturated group. The
compound which contains only one ethylene-based unsatu-
rated group may contain one or more kinds of compounds
selected from a group consisting of, for example, acrylic
acid, mcthacrylic acid, crotonic acid, cinnamic acid, 2-acry-
loyloxycthyl succinic acid, 2-methacryloyloxyethyl succinic
acid, 2-acryloyloxyethyl phthalic acid, 2-methacryloyloxy-
cthyl phthalic acid, 3-carboxyethyl acrylate, 2-acryloyloxy-
propyl phthalic acid, 2-methacryloyloxypropyl phthalic
acid, 2-acryloyloxyethyl maleic acid, 2-methacryloyloxy-
cthyl maleic acid, 2-acryloyloxyethyl tetrahydrophthalic
acid, 2-methacryloyloxyethyl tetrahydrophthalic acid,
2-acryloyloxyethyl hexahydrophthalic acid, and 2-meth-
acryloyloxyethyl hexahydrophthalic acid. The ethylene-
based unsaturated compound (a2) may further contain a
compound which contains multiple ethylene-based unsatu-
rated groups. The compound which contains multiple eth-
ylene-based unsaturated groups may contain one or more
kinds of compounds selected from a group consisting of
compounds which are obtained by reacting a dibasic acid
anhydride with a polyfunctional acrylate or a polyfunctional
methacrylate which contains a hydroxyl group such as, for
example, pentaerythritol triacrylate, pentaerythritol trimeth-
acrylate, trimethylolpropane diacrylate, trimethylolpropane
dimethacrylate, dipentaerythritol pentaacrylate, and dipen-
taerythritol pentamethacrylate.
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The ethylene-based unsaturated compound (a2) 1s espe-
cially preferred to contain at least one of acrylic acid and
methacrylic acid. In this case, since an ethylene-based
unsaturated group derived from acrylic acid and methacrylic
acid has especially excellent photoreactivity, the first resin
(a) can gain high photoreactivity.

An amount of the ethylene-based unsaturated compound
(a2) used 1s preferably adjusted so that an amount of
carboxyl groups in the ethylene-based unsaturated com-
pound (a2) 1s within a range of 0.4 to 1.2 mol per 1 mol of
epoxy groups in the epoxy compound (al), and especially
preferably adjusted so that the amount of carboxyl groups in
the ethylene-based unsaturated compound (a2) 1s within a
range of 0.5 to 1.1 mol per 1 mol of epoxy groups 1n the
epoxy compound (al).

The compound (a3) selected from polycarboxylic acids
and anhydrides thereof may contain one or more kinds of
compounds selected from a group consisting of: for
example, dicarboxylic acids such as phthalic acid, tetrahy-
drophthalic acid, methyltetrahydrophthalic acid, methyl-
nadic acid, hexahydrophthalic acid, methylhexahy-
drophthalic acid, succinic acid, methylsuccinic acid, maleic
acid, citraconic acid, glutaric acid, and 1taconic acid; poly-
carboxylic acids of tr1 or higher basic acids such as cyclo-
hexane-1,2.,4-tricarboxylic acid, trimellitic acid, pyromel-
litic  acid, benzophenonetetracarboxylic acid, and
methylcyclohexenetetracarboxylic acid; and anhydrides
thereof.

The compound (a3) 1s used mainly for providing the first
resin (a) with an acid value and thereby supplying the solder
resist composition with redispersibility and resolubility 1in a
dilute aqueous alkaline solution. An amount of the com-
pound (a3) used 1s adjusted so that an acid value of the first
resin (a) 1s preferably greater than or equal to 30 mgKOH/g
and especially preferably greater than or equal to 60
mgKOH/g. Furthermore, the amount of the compound (a3)
used 1s adjusted so that the acid value of the first resin (a) 1s
preferably less than or equal to 160 mgKOH/g and espe-
cially preferably less than or equal to 130 mgKOH/g.

In synthesis of the first resin (a), a known method can be
employed to promote an addition reaction between the
epoxy compound (al) and the ethylene-based unsaturated
compound (a2) and a subsequent addition reaction between
a product thereof (a product of the preceding addition
reaction) and the compound (a3). For example, in the
addition reaction between the epoxy compound (al) and the
cthylene-based unsaturated compound (a2), the ethylene-
based unsaturated compound (a2) 1s added to a solvent
solution of the epoxy compound (al), then 1f necessary a
heat polymerization inhibitor and a catalyst are added, and
the mixture 1s stirred and mixed to obtain a reactive solution.
The reactive solution undergoes the addition reaction using
an ordinary method at a reaction temperature of preferably
60 to 150° C. and especially preferably 80 to 120° C., and
the product of the preceding addition reaction 1s obtained.
Examples of the heat polymerization inhibitor may include
hydrogquinone and hydroquinone monomethyl ether.
Examples of the catalyst may include tertiary amines such as
benzyldimethylamine and triethylamine, quaternary ammo-
nium salts such as trimethylbenzylammonium chloride and
methyltriethylammonium chloride, triphenylphosphine, and
triphenylstibine.

In order to promote the subsequent addition reaction
between the product of the preceding addition reaction and
the compound (a3), the compound (a3) 1s added to a solvent
solution of the product of the preceding addition reaction,
then 1f necessary a heat polymerization inhlibitor and a
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catalyst are added, and the mixture 1s stirred and mixed to
obtain a reactive solution. The reactive solution undergoes
the addition reaction using an ordinary method, and the first
resin (a) 1s obtained. Reaction conditions of the subsequent
addition reaction may be same as the reaction conditions of
the preceding addition reaction between the epoxy com-
pound (al) and the ethylene-based unsaturated compound
(a2). The heat polymerization inhibitor and the catalyst used
for the preceding addition reaction between the epoxy
compound (al) and the ethylene-based unsaturated com-
pound (a2) which contains a carboxyl group may be used in
the subsequent addition reaction.

The component (A2) may contain carboxyl group-con-
taining (meth)acrylic copolymer resin (referred to as second
resin (b)) obtained from a reaction between a part of
carboxyl groups 1n a polymer of an ethylene-based unsatu-
rated monomer including an ethylene-based unsaturated
compound which contains a carboxyl group, and an ethyl-
ene-based unsaturated compound which contains an epoxy
group. The ethylene-based unsaturated monomer may
include an ethylene-based unsaturated compound which
does not contain any carboxyl groups, 11 necessary.

The ethylene-based unsaturated compound which con-
tains a carboxyl group used to obtain the second resin (b)
may contain appropriate polymers and prepolymers. For
example, the ethylene-based unsaturated compound which
contains a carboxyl group may contain a compound which
contains only one ethylene-based unsaturated group. More
specifically, the ethylene-based unsaturated compound
which contains a carboxyl group may contain one or more
kinds of compounds selected from a group consisting of, for
example, acrylic acid, methacrylic acid, w-carboxyl-poly-
caprolactone (n~2) monoacrylate, crotonic acid, cinnamic
acid, 2-acryloyloxyethyl succinic acid, 2-methacryloyloxy-
cthyl succinic acid, 2-acryloyloxyethyl phthalic acid,
2-methacryloyloxyethyl phthalic acid, [3-carboxyethylacry-
late, 2-acryloyloxypropyl phthalic acid, 2-methacryloyloxy-
propyl phthalic acid, 2-acryloyloxyethyl maleic acid,
2-methacryloyloxyethyl maleic acid, 2-acryloyloxyethyl tet-
rahydrophthalic acid, 2-methacryloyloxyethyl tetrahy-
drophthalic acid, 2-acrvloyloxyethyl hexahydrophthalic
acid, and 2-methacryloyloxyethyl hexahydrophthalic acid.
The ethylene-based unsaturated compound which contains a
carboxyl group may also contain a compound which con-
tains multiple ethylene-based unsaturated groups. More spe-
cifically, for example, the ethylene-based unsaturated com-
pound which contains a carboxyl group may contain a
compound obtained by reacting a dibasic acid anhydride
with a polyfunctional (meth)acrylate which contains a
hydroxyl group selected from a group consisting of pen-
tacrythritol triacrylate, pentaerythritol trimethacrylate, trim-
cthylolpropane diacrylate, trimethylolpropane dimethacry-
late, dipentaerythritol pentaacrylate, and dipentaerythritol
pentamethacrylate. These compounds may be used alone or
in combination.

The ethylene-based unsaturated compound which does
not contain any carboxyl groups used to obtain the second
resin (b) may be any compound as long as it 1s copolymer-
1zable with the ethylene-based unsaturated compound which
contains a carboxyl group. The ethylene-based unsaturated
compound which does not contain any carboxyl groups may
contain either one of an aromatic ring-containing compound
and an aromatic ring-free compound.

The aromatic ring-containing compound may contain one
or more kinds of compounds selected from a group consist-
ing of, for example, 2-(meth)acryloyloxyethyl-2-hydroxy-
cthyl phthalate, benzyl (meth)acrylate, neopentyl glycol
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benzoate (meth)acrylate, paracumyl phenoxyethylene glycol
(meth)acrylate, EO-modified cresol (meth)acrylate, ethoxy-
lated phenyl (meth)acrylate, nonylphenoxy polyethylene
glycol (meth)acrylate (n=2 to 17), ECH-modified phenoxy
(meth)acrylate, phenoxy diethylene glycol (meth)acrylate,
phenoxyethyl (meth)acrylate, phenoxy hexaethylene glycol
(meth)acrylate, phenoxy tetracthylene glycol (meth)acry-
late, tribromophenyl (meth)acrylate, EO-modified {tribro-
mophenyl (meth) acrylate, EO-modified bisphenol A di(ime-
th)acrylate, PO-modified bisphenol A di(meth)acrylate,
modified bisphenol A di(meth)acrylate, EO-modified bis-
phenol F di(meth)acrylate, ECH-modified phthalic acid
di(meth)acrylate, trimethylolpropane benzoate (meth)acry-
late, EO-modified phthalic acid (meth)acrylate, EO/PO-
modified phthalic acid (meth)acrylate, N-phenylmaleimide,
N-benzylmaleimide, N-vinylcarbazole, styrene, vinylnaph-
thalene, and 4-vinylbiphenyl.

The aromatic ring-free compound may contain one or
more kinds of compounds selected from a group consisting
of: for example, straight or branched aliphatic (imeth)acrylic
acid esters or alicyclic (meth)acrylic acid esters (which may
contain unsaturated bonding partially in a carbon ring);
hydroxyalkyl (meth)acrylates; alkoxyalkyl (meth)acrylates;
and N-substituted maleimides such as N-cyclohexylmaleim-
ide. The aromatic ring-iree compound may further contain a
compound which contains two or more ethylene-based
unsaturated groups per molecule, such as polyethylene gly-
col di(meth)acrylate, polypropylene glycol di(meth)acry-
late, trimethylolpropane triimeth)acrylate, and pentaerythri-
tol tri{meth)acrylate. These compounds may be used alone
or 1n combination. These compounds are preferred since the
hardness and the oiliness of the solder resist layer can be
casily adjusted.

Examples of the ethylene-based unsaturated compound
which contains an epoxy group used to obtain the second
resin (b) may include appropriate polymers and prepoly-
mers. Specific examples of the ethylene-based unsaturated
compound which contains an epoxy group may include
epoxycyclohexyl derivatives of acrylic acids or methacrylic
acids, alicyclic epoxy derivatives of acrylates or methacry-
lates, P-methylglycidyl acrylates, and p-methylglycidyl
methacrylates. These compounds may be used alone or 1n
combination. Especially, 1t 1s preferred to use glycidyl
(meth)acrylate, which 1s widely used and easily obtained.

The component (A2) may contain resin (hereinafter
referred to as third resin (¢)) obtained by adding a compound
which contains an ethylene-based unsaturated group and an
1socyanate group to a part or all of hydroxyl groups in a
polymer of an ethylene-based unsaturated monomer 1nclud-
ing: an ethylene-based unsaturated compound which con-
tains a carboxyl group; and an ethylene-based unsaturated
compound which contains a hydroxyl group. The ethylene-
based unsaturated monomer may include an ethylene-based
unsaturated compound which does not contain any carboxyl
groups or hydroxyl groups, il necessary.

The ethylene-based unsaturated compound which con-
tains a carboxyl group used to obtain the third resin (¢) may
be selected from, for example, compounds which can be
used as the ethylene-based unsaturated compound which
contains a carboxyl group used to obtain the second resin
(b).

Examples of the ethylene-based unsaturated compound
which contains a hydroxyl group used to obtain the third
resin (¢) may include: hydroxyalkyl (meth)acrylates such as
2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)
acrylate, 4-hydroxybutyl (meth) acrylate, cyclohexane
dimethanol mono(meth)acrylate, 2-(meth)acryloyloxyethyl-
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2-hydroxyethylphthalate, caprolactone (meth)acrylate, poly-
cthylene glycol (meth)acrylate, polypropylene glycol (meth)
acrylate, trimethylolpropane di(meth)acrylate,
pentaerythritol tri(meth)acrylate, and dipentaerythritol penta
(meth)acrylate; hydroxybutyl vinyl ether; hydroxyethyl
vinyl ether; and N-hydroxyethyl (meth)acrylamide.

Specific examples of the compound which contains an
cthylene-based unsaturated group and an 1socyanate group
used to obtain the third resin (¢) may include 2-acryloyloxy-
ethyl 1socyanate (for example, KarenzAOI manufactured by
Showa Denko K.K.), 2-methacryloyloxyethyl 1socyanate
(for example, KarenzMOI manufactured by Showa Denko
K.K.), methacryloyloxy ethoxyethyl 1socyanate (for
example, KarenzMOI-EG manufactured by Showa Denko
K.K.), 1socyanate blocked compound of KarenzMOI (for
example, KarenzMOI-BM manufactured by Showa Denko
K.K.), 1socyanate blocked compound of KarenzMOI (for
example, KarenzMOI-BP manufactured by Showa Denko
K.K.), and 1,1-(bisacryloyloxymethyl)ethyl isocyanate (for
example, KarenzBEI manufactured by Showa Denko K.K.).

A weight-average molecular weight of the entire compo-
nent (A2) 1s preferably within a range of 800 to 100000.
Within this range, the solder resist composition gains espe-
cially excellent photosensitivity and resolution.

An acid value of the entire component (A2) 1s preferably
greater than or equal to 30 mgKOH/g. In this case, the solder
resist composition gains good developability. The acid value
1s Turther preferably greater than or equal to 60 mgKOH/g.
In addition, the acid value of the entire component (A2) 1s
preferably less than or equal to 160 mgKOH/g. In this case,
an amount of remaining carboxyl groups in the film formed
with the solder resist composition decreases, thus good
clectric properties, electric corrosion resistance and water
resistance of the film are ensured. The acid value 1s further
preferably less than or equal to 130 mgKOH/g.

[(B) Photopolymerizable Compound]

In the present embodiment, the solder resist composition
contains a photopolymerizable compound as a (B) compo-
nent which 1s a photopolymerizable compound selected
from a group consisting of a photopolymerizable monomer
and a photopolymerizable prepolymer. The photopolymer-
izable compound provides photocurability to the solder
resist composition. The photopolymerizable compound con-
tains one or more kKinds of compounds selected from a group
consisting of photopolymerizable monomers and photopo-
lymerizable prepolymers.

The photopolymerizable monomer contains, for example,
an ethylene-based unsaturated group. The photopolymeriz-
able monomer may contain one or more kinds of compounds
selected from a group consisting of: for example, mono-
functional (meth)acrylates such as 2-hydroxyethyl (meth)
acrylate; and polyfunctional (meth)acrylates such as dieth-
ylene glycol di(meth)acrylate, trimethylolpropane di(meth)

acrylate, trimethylolpropane tri(meth)acrylate,
pentaerythritol tri{imeth)acrylate, pentaerythritol tetra(meth)
acrylate, dipentaerythritol penta(meth)acrylate, dipen-

taerythritol hexa(meth)acrylate, and n-caprolactone-modi-
fied dipentaerythritol hexaacrylate.

The photopolymerizable monomer preferably contains a
phosphorus-containing compound (a phosphorus-containing,
photopolymerizable compound). In this case, flame retar-
dancy of the cured product of the solder resist composition
1s 1mproved. The phosphorus-containing photopolymeriz-
able compound may contain one or more kinds of com-
pounds selected from a group consisting of, for example,
2-methacryloyloxy ethyl acid phosphate (for example, Light
Ester P-1M and Light Ester P-2M manufactured by Kyoe-
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isha Chemical Co., Ltd.), 2-acryloyloxy ethyl acid phos-
phate (for example, Light Acrylate P-1A manufactured by
Kyoeisha Chemical Co., Ltd.), diphenyl-2-methacryloyloxy
cthyl phosphate (for example, MR-260 manufactured by
Daithachi Chemical Industry Co., Ltd.), and HFA series

manufactured by Showa Highpolymer K. K. (for example,
HFA-6003 and HFA-6007 which are products of an addition

reaction of dipentaerythritol hexaacrylate and HCA, and
HFA-3003 and HFA-6127 which are products of an addition

reaction ol caprolactone-modified  dipentaerythritol
hexaacrylate and HCA).

Examples of the photopolymerizable prepolymer may
include: a prepolymer which 1s prepared by adding an
cthylene-based unsaturated group to a prepolymer obtained
by polymerization of photopolymerizable monomers: and
oligo (meth)acrylate prepolymers such as epoxy (meth)
acrylates, polyester (meth)acrylates, urethane (meth)acry-
lates, alkyd resin (meth)acrylates, silicone resin (meth)
acrylates, and spiran resin (meth)acrylates.

[(C) Photopolymerization Initiator]

In the present embodiment, the solder resist composition
contains a bisacylphosphine oxide-based photopolymeriza-
tion initiator and an o-hydroxy alkylphenone-based photo-
polymerization initiator as a photopolymerization initiator
which 1s a (C) component. Therefore, 1n the present embodi-
ment, high sensitivity of the solder resist composition can be
achieved. In other words, the coating film formed with the
solder resist composition can be thoroughly cured from a
surface to a deep part under exposure to ultraviolet rays to
form the solder resist layer. The reason for this 1s considered
as following.

The bisacylphosphine oxide-based photopolymerization
initiator reacts to a comparatively long-wavelength compo-
nent ol ultraviolet rays. Such comparatively long-wave-
length component 1s likely to reach the deep part of the
coating {ilm made of the solder resist composition. There-
fore, the bisacylphosphine oxide-based photopolymerization
initiator can improve the efliciency of a photo-curing reac-
tion 1n the deep part of the coating film.

On the other hand, the a-hydroxyalkyl phenone-based
photopolymerization mitiator reacts to a comparatively
short-wavelength component of ultraviolet rays. Such com-
paratively short-wavelength component 1s unlikely to reach
the deep part of the coating film. However, the a-hydroxy-
alkyl phenone-based photopolymernization initiator 1s
unlikely to be interfered by oxygen, and therefore has high
photoreactivity. Due to this, the a-hydroxyalkyl phenone-
based photopolymerization initiator can improve the efli-
ciency ol a photo-curing reaction at the surface of the
coating {ilm.

If the solder resist layer i1s thoroughly cured from its
surface to 1ts deep part, the degree of curing of the solder
resist layer tends not to be uneven, leading to less occurrence
of wrinkles caused by shrinkage during curing. Accordingly,
the solder resist layer has improved smoothness.

In addition, if the solder resist layer 1s thoroughly cured
from the surface to the deep part, the solder resist layer can
have high homogeneity. Due to this, even when the solder
resist layer 1s deformed due to heat during steps such as
soldering and reflow and thus experiences stress, such stress
tends to be distributed throughout the solder resist layer,
leading to less occurrence of cracks.

Also, the a-hydroxyalkyl phenone-based photopolymer-
ization 1nitiator does not generate a benzyl radical during the
photo-curing reaction, and therefore the solder resist layer 1s
unlikely to be colored. Furthermore, although the bisacyl-
phosphine oxide-based photopolymerization initiator natu-
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rally has a color, bleaching occurs due to decomposition
during the photo-curing reaction, as a result of which the
solder resist layer 1s unlikely to be colored. Thus, the solder
resist layer 1s prevented from turning vellow, whiteness of
the solder resist layer 1s increased, and good light reflectivity
of the solder resist layer can be ensured.

Moreover, the bisacylphosphine oxide-based photopoly-
merization initiator 1s generally likely to be crystallized. IT
crystals of the bisacylphosphine oxide-based photopolymer-
ization 1nitiator are precipitated in the solder resist compo-
sition, 1t becomes diflicult for the solder resist composition
to be uniformly cured using ultraviolet rays. However, in the
present embodiment, since the solder resist composition
contains the a-hydroxyalkyl phenone-based photopolymer-
1zation 1nitiator, the crystals of the bisacylphosphine oxide-
based photopolymerization initiator are prevented Ifrom
being precipitated even when the solder resist composition
1s stored for a long period of time. Accordingly, the solder
resist composition has improved storage stability.

In the present embodiment, in order to increase the
sensitivity and the storage stability, bis-(2,4,6-trimethylben-
zoyl)-phenylphosphine oxide (hereinaiter referred to as a
component (C1)) 1s used as the bisacylphosphine oxide-
based photopolymerization mitiator and 2-hydroxy-2-
methyl-1-phenyl-propane-1-one (also known as 2-hydroxy-
2-methyl propiophenone) (hereinafter referred to as a
component (C2)) 1s used as the a-hydroxyalkyl phenone-
based photopolymerization initiator.

In the present embodiment, in order to prevent coloring of
the solder resist layer and to increase the sensitivity and the
storage stability, a mass ratio of the bis-(2,4,6-trimethylben-
zoyl)-phenylphosphine oxide to the 2-hydroxy-2-methyl-1-
phenyl-propane-1-one (a mass ratio of the (C1) component
to the (C2) component) 1s within a range of 2:1 to 1:10.
When a ratio of the mass of the (C2) component to the mass
of the (C1) component that 1s 2 1s equal to or greater than 1,
the (C1) component 1s particularly prevented from being
crystallized 1n the solder resist composition, leading to the
especially high storage stability of the solder resist compo-
sition. Also, when a ratio of the mass of the (C2) component
to the mass of the (C1) component which 1s 1 1s equal to or
less than 10, the curability of the deep part of the solder
resist layer 1s improved. The mass ratio of the (C1) com-
ponent to the (C2) component 1s further preferably within a
range of 1:1 to 1:5.

In the present embodiment, the bisacylphosphine oxide-
based photopolymerization initiator preferably contains the
(C1) component only. However, the bisacylphosphine
oxide-based photopolymerization initiator may contain a
bisacylphosphine oxide-based photopolymerization nitiator
other than the (C1) component without departing from the
scope of the present invention. The bisacylphosphine oxide-
based photopolymerization initiator other than the (C1)
component may contain one or more kinds of compounds
selected from a group consisting of, for example, bis-(2,6-
dichlorobenzoyl)phenylphosphine oxide, bis-(2,6-dichlo-
robenzovl)-2,5-dimethylphenylphosphine oxide, bis-(2,6-
dichlorobenzoyl)-4-propylphenylphosphine oxide, bis-(2,6-
dichlorobenzoyl)-1-naphthylphosphine oxide, bis-(2,6-
dimethoxybenzoyl)phenylphosphine  oxide,  bis-(2,6-
dimethoxybenzoyl)-2,4,4-trimethylpentylphosphine oxide,
bi1s-(2,6-dimethoxybenzoyl)-2,5-dimethylphenylphosphine
oxide, and (2,5,6-trimethylbenzoyl)-2.,4,4-trimethylpentyl-
phosphine oxide.

In the present embodiment, the a-hydroxyalkyl phenone-
based photopolymerization nitiator preferably contains the
(C2) component only. However, the a-hydroxyalkyl phe-
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none-based photopolymerization imitiator may contain an
a.-hydroxyalkyl phenone-based photopolymerization 1nitia-
tor other than the (C2) component without departing from
the scope of the present mmvention.

The a-hydroxyalkyl
phenone-based photopolymerization mitiator other than the
(C2) component may contain one or more kinds of com-
pounds selected from a group consisting of, for example,
phenylglyoxvylic acid methyl ester, 1-hydroxy cyclohexyl
phenyl ketone, 1-[4-(2-hydroxy ethoxy)-phenyl]-2-hy-
droxy-2-methyl-1-propane-1-one, and 2-hydroxy-1-{4-[4-
(2-hydrox-2-methyl-propyonyl)-benzyl|phenyl } -2-methyl-
propane-1-one.

In the present embodiment, the photopolymerization 1ni-
tiator preferably contains the bisacylphosphine oxide-based
photopolymerization mitiator and the a-hydroxyalkyl phe-
none-based photopolymerization initiator only. However,
the photopolymerization initiator may contain a photopoly-
merization 1initiator other than the above two kinds of
photopolymerization imitiators without departing from the
scope of the present invention. For example, the photopo-
lymerization 1nitiator may contain, in addition to the above
two kinds of photopolymerization initiators, one or more
kinds of compounds selected from a group consisting of:
benzoins and alkylethers thereof; acetophenones such as
acetophenone and benzyldimethyl ketal; anthraquinones
such as 2-methylanthraquinone; thioxanthones such as 2,4-
dimethylthioxanthone, 2,4-diethylthioxanthone, 2-1sopropy-
Ithioxanthone, 4-1sopropylthioxanthone, and 2,4-diisopro-
pylthioxanthone; benzophenones such as benzophenone and
4-benzoyl-4'-methyldiphenylsulfide; xanthones such as 2,4-
duisopropylxanthone; nitrogen atom-contaiming compounds
such as 2-methyl-1-[4-(methylthio)phenyl]-2-morpholino-
1 -propanone; monoacylphosphine oxide-based photopoly-
merization initiators such as 2,4,6-trimethylbenzoyl-diphe-
nyl-phosphne oxide (DAROCUR TPO) and 2.,4,6-
trimethylbenzoyl-ethyl-phenyl-phosphinate (SPEEDCURE
TPO-L); 1,2-octanedione; 1-[4-(phenylthio)-2-(O-benzoy-
loxyme)] (IRGACURE OXE 01); ethanone; and 1-[9-ethyl-
6-(2-methylbenzoyl)-9H-carbazole-3-yl]-1-(O-acetylox-
ime) (IRGACURE OXE 02).

[(D) Fluorescent Dye]

In the present embodiment, the solder resist composition
contains a (D) component. Due to this, in the present
embodiment, high sensitivity of the solder resist composi-
tion can be achieved. In other words, the coating film formed
with the solder resist composition can be thoroughly cured
from 1its surface to its deep part under exposure to ultraviolet
rays to form the solder resist layer. Since the solder resist
composition contains the fluorescent dye and the bisacyl-
phosphine oxide-based photopolymerization nitiator which
absorbs light having a wavelength of 400 nm or larger, the
fluorescent dye functions as a sensitizer for the photopoly-
merization initiator. In a case where the solder resist com-
position of the present embodiment contains a white pig-
ment, an eflect of the fluorescent dye as the sensitizer 1s
enlarged since the white pigment reflects light when exposed
to light. In addition, a case where the solder resist compo-
sition contains the fluorescent dye, reflectivity of the solder
resist layer 1n a blue wavelength region improves since the
fluorescent dye absorbs light in an ultraviolet wavelength
region and emits light 1n the blue wavelength region.

It 1s preferably to use a fluorescent dye which absorbs
light with a wavelength of 200 to

400 nm and emits light with a wavelength of 400 to 500
nm. Examples of such fluorescent dye includes a benzox-
azole derivative having naphthalene as a substituent, a
benzoxazole derivative having thiophene as a substituent, a
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benzoxazole derivative having stilbene as a substituent, a
coumarin derivative, a styrene biphenyl derivative, a pyra-
zolone derivative, and a bis(triazinylamino )stilbenedisulio-

nic acid derivative.
[(E) Antioxidant]

In the present embodiment, the solder resist composition
preferably contains an antioxidant as an (E) component. In
this case, generation of oxygen radicals which may ihibit
UV curing under exposure to light 1s prevented, making 1t
possible to increase the resolution of the solder resist com-
position according to the present embodiment. In addition,
the antioxidant can remove oxygen which may promote
coloring of the solder resist layer during heat treatment of
the printed wiring board (the covered printed wiring board
below) including the solder resist layer, leading to less
yellowing of the solder resist layer due to heat.

The antioxidant may contain one or more kinds of com-
pounds selected from a group consisting of, for example,
phenol antioxidants.

[(F) Coloring Pigment]

In the present embodiment, the solder resist composition
preferably contains a coloring pigment as a (F) component.
In this case, light reflectivity and a concealing property of
the solder resist layer formed with the solder resist compo-
sition of the present embodiment can be improved. A white
pigment can be used as the coloring pigment to form a white
solder resist layer having the light reflectivity. A black
pigment can be used as the coloring pigment to form a black
solder resist layer having the concealing property.

Examples of the white pigment include titanium dioxide
and zinc oxide, and one or more kinds of such compounds
are used as the white pigment. Among these compounds, the
titanium dioxide 1s preferred since 1t makes 1t possible to
form the white solder resist layer having the high light
reflectivity. The titanium dioxide may contain either one or
both of rutile titanium dioxide and anatase titamium dioxide.
The titammum dioxide especially preferably contains the
rutile titanium dioxide. The rutile titanium dioxide 1s manu-
factured eirther by a chlorine method or a sulfuric acid
method. In the present embodiment, the rutile titanium
dioxide may contain either one or both of the rutile titanium
dioxide manufactured by the chlorine method and the rutile
titanium dioxide manufactured by the sulfuric acid method.
Note that titanium dioxide having a ramsdellite structure
may be used. The ramsdellite titantum dioxide can be
obtained by carrying out lithium elimination treatment on
ramsdellite Li, (' T10, using chemical oxidation. Only one
kind of the above described titanium dioxides may be used,
and two or more kinds of the above described titanium
dioxides may be used in combination.

Examples of the black pigment include carbon black,
perylene black, titammum black, cyanine black, aniline black,
and a mixed-color organic pigment which 1s pseudo black-
ened by mixing two or more kinds of pigments. One or more
kinds of such compounds may be used as the black pigment.
Among these compounds, carbon black, perylene black, and
titanium black are preferred since they make 1t possible to
form the black solder resist layer having the high concealing
property.

In addition, since the mass ratio of the (C1) component to
the (C2) component 1s within a range of 2:1 to 1:10 and the
solder resist composition contains the phosphorescent fluo-
rescent dye, the solder resist layer can be thoroughly cured
from the surface to the deep part even 1 the solder resist
composition contains the white pigment or the black pig-
ment.
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|Other Components]

The solder resist composition may contain a thermoset-
ting component. The thermosetting component can provide
the solder resist composition with thermosettability.

The thermosetting component preferably contains a com-
pound having a cyclic ether skeleton. The compound having
a cyclic ether skeleton especially preferably contains an
epoxy compound.

The epoxy compound preferably has at least two epoxy
groups per molecule. The epoxy compound may be a hardly
soluble epoxy compound and may be a generic soluble
epoxy compound. Kinds of the epoxy compound 1s not
particularly limited, but the epoxy compound especially
preferably contains one or more kinds of compounds
selected from a group consisting of phenol novolak epoxy
resin (for example, EPICLON N-775 manufactured by DIC
Corporation), cresol novolak epoxy resin (for example,
EPICLON N-6935 manufactured by DIC Corporation), bis-

phenol A epoxy resin (for example, jJER1001 manufactured
by Mitsubishi Chemical Corporation), bisphenol A-novolak
epoxy resin (for example, EPICLON N-865 manufactured
by DIC Corporation), bisphenol F epoxy resin ({or example,
1ER4004P manufactured by Mitsubishi Chemical Corpora-
tion), bisphenol S epoxy resin (for example, EPICLON
EXA-1514 manufactured by DIC Corporation), bisphenol
AD epoxy resin, biphenyl epoxy resin (for example,
Y X4000 manufactured by Mitsubishi Chemical Corpora-
tion), biphenyl novolak epoxy resin (for example, NC-3000
manufactured by Nippon Kayaku Co., Ltd.), hydrogenated
bisphenol A epoxy resin (for example, ST-4000D manufac-
tured by Nippon Steel & Sumikin Chemical Co., Ltd.),
naphthalene epoxy resin (for example, EPICLON HP-4032,
EPICLON HP-4700, EPICLON HP-4770 manufactured by
DIC Corporation), hydroquinone epoxy resin (for example,
YDC-1312 manufactured by Nippon Steel & Sumikin
Chemical Co., Ltd.), tertiary butylcatechol epoxy resin (for
example, EPICLON HP-820 manufactured by DIC Corpo-
ration), dicyclopentadiene epoxy resin (for example, EPI-
CLON HP-7200 manufactured by DIC Corporation), ada-
mantane epoxy resin (for example, ADAMANTATE X-E-
201 manufactured by Idemitsu Kosan Co., Ltd.),
biphenylether epoxy resin (for example, YSLV-80DE manu-
factured by Nippon Steel & Sumikin Chemical Co., Ltd.),
special two-Tunctional epoxy resin (for example, YL7173-
500 and YL'7175-1000 manufactured by Mitsubish1 Chemi-
cal Corporation; EPICLON TSR-960, EPICLON TER-601,
EPICLON TSR-250-80BX, EPICLON 1650-75MPX, EPI-
CLON EXA-4850, EPICLON EXA-4816, EPICLON EXA-
4822, and EPICLON EXA-9726 manufactured by DIC
Corporation; YSLV-120TE manufactured by Nippon Steel
& Sumikin Chemical Co., Ltd.), and bisphenol epoxy resin
excluding the above.

It 1s also preferably that the epoxy compound contains
triglycidyl 1socyanurate. The triglycidyl isocyanurate 1s
especially preferably 1n a form of [ 1somers, 1n which three
epoxy groups are located on the same side with respect to a
flat s-triazine ring, or 1n a mixture of [ 1somers and «
1somers, 1n which one epoxy group is located on the different
side from other two epoxy groups with respect to a flat
s-triazine ring.

The epoxy compound also preferably contains phospho-
rus-containing epoxy resin. In this case, the flame retardancy
of the cured product of the solder resist composition 1is
improved. Examples of the phosphorus-containing epoxy
resin may include phosphoric acid-modified bisphenol F

epoxy resin (for example, EPICLON EXA-9726 and EPI-
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CLON EXA-9710 manufactured by DIC Corporation) and
Epotobto FX-305 manufactured by Nippon Steel & Sumikin
Chemical Co., Ltd.

The solder resist composition may contain an organic
solvent. The organic solvent 1s used to liquely the solder
resist composition or form varnish with the solder resist
composition, and to adjust viscosity, applicability, and film-
formability.

The organic solvent may contain one or more kinds of
compounds selected from a group consisting of: for
example, straight, branched, secondary, or poly alcohols
such as ethanol, propyl alcohol, 1sopropyl alcohol, hexanol,
and ethylene glycol; ketones such as methyl ethyl ketone
and cyclohexanone; aromatic hydrocarbons such as toluene
and xvylene; petroleum aromatic mixed solvents such as
Swazol series (manufactured by Maruzen Petrochemical
Co., Ltd.) and Solvesso series (manufactured by Exxon
Mobil Chemical Corporation); cellosolves such as cello-
solve and butyl cellosolve; carbitols such as carbitol and
butyl carbitol; propylene glycol alkyl ethers such as propyl-
ene glycol methyl ether; polypropylene glycol alkyl ethers
such as dipropylene glycol methyl ether, acetic acid esters
such as ethyl acetate, butyl acetate, cellosolve acetate, and
carbitol acetate; and dialkyl glycol ethers.

An amount of the organic solvent in the solder resist
composition 1s preferably adjusted so that the organic sol-
vent volatilizes quickly when a coating film formed with the
solder resist composition 1s dried, 1.e. the organic solvent
does not remain in the dry coating film. Especially, the
amount of the organic solvent 1s preferably within a range of
0 to 99.5 weight % and further preferably within a range of
15 to 80 weight %, with respect to the total content of the
solder resist composition. Note that, since an appropriate
amount of the organic solvent depends on a coating method,
the amount 1s preferably adjusted appropriately depending
on the coating method.

Without departing from the scope of the present inven-
tion, the solder resist composition may contain components
other than the above described components.

For example, the solder resist composition may contain
one or more kinds of resin selected from a group consisting
of: blocked 1socyanates of tolylene diisocyanate, morpholine
diisocyanate, 1sophorone diisocyanate, and hexamethylene
duisocyanate which are blocked with caprolactam, oxime,
maleic acid ester, and the like; amino resin such as melamine
resin, n-butylated melamine resin, isobutylated melamine
resin, butylated urea resin, butylated melamine-urea co-
condensed resin, and benzoguanamine-based co-condensed
resin; various thermosetting resin other than the above;
ultraviolet rays-curing epoxy (meth)acrylate; resin obtained
by adding (meth)acrylic acid to epoxy resin such as bisphe-
nol A epoxy resin, phenol novolak epoxy resin, cresol
novolak epoxy resin, and alicyclic epoxy resin; and poly-
meric compounds such as diallyl phthalate resin, phenoxy
resin, urethane resin, and fluorine resin.

In a case where the solder resist composition contains the
epoxy compound, the solder resist composition may further
contain a curing agent to cure the epoxy compound. The
curing agent may contain one or more kinds of compounds
selected from a group consisting of: for example, imidazole
derivatives such as imidazole, 2-methylimidazole, 2-ethyl-
imidazole, 2-ethyl-4-methylimidazole, 2-phenylimidazole,
4-phenylimidazole, I-cyanoethyl-2-phenylimidazole, and
1-(2-cyanoethyl)-2-ethyl-4-methylimidazole; amine com-
pounds such as dicyandiamide, benzyldimethylamine, 4-(di-
methylamino)-N,N-dimethylbenzylamine, 4-methoxy-N,N-
dimethylbenzylamine, and 4-methyl-N,N-dimethylbenz-
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ylamine; hydrazine compounds such as adipic acid hydraz-
ide and sebacic acid hydrazide; phosphorus compounds such
as triphenylphosphine; acid anhydrides; phenols; mercap-
tans; Lewis acid amine complexes; and omum salts.
Examples of commercial products of the above compounds

may 1nclude: 2MZ-A, 2MZ-OK, 2PHZ, 2P4BHZ, and
2P4MHZ manufacture by Shikoku Chemicals Corporation
(product names for commercial products of 1midazole com-
pounds); U-CAT3503N and U-CAT3502T manufactured by

San-Apro Ltd. (product names for commercial products of
blocked 1socyanates of dimethylamine); and DBU, DBN,

U-CATSA 102, and U-CAT5002 manufactured by San-Apro

Ltd. (bicyclic amidine compounds and salts thereof).

The solder resist composition may contain an adhesive-
ness-imparting agent. Examples of the adhesiveness-impart-
ing agent may include: guanamine; acetoguanamine; ben-
zoguanamine; melamine; and S-triazine derivatives such as
2.,4-diamino-6-methacryloyloxyethyl-S-triazine, 2-vinyl-4,
6-diamino-S-triazine, 2-vinyl-4,6-diamino-S-triazine-1so-
cyanuric acid adduct, and 2,4-diamino-6-methacryloyloxy-
cthyl-S-triazine-1socyanuric acid adduct.

The solder resist composition may contain one or more
kinds of compounds selected from a group consisting of: a
curing promoter; a coloring agent other than white; a copo-
lymer such as silicones and acrylates; a leveling agent; an
adhesiveness-imparting agent such as silane coupling
agents; a thixotropy agent; a polymerization inhibitor; a
halation preventer; a flame retardant; a defoamer; a surfac-
tant; a polymer dispersant; and an 1norganic filler such as
bartum sulfate, crystalline silica, nano silica, carbon nano-
tube, talc, bentonite, aluminum hydroxide, magnesium
hydroxide, magnestum oxide, and calcium carbonate.

The solder resist composition may further contain a
known photopolymerization promoter and a known sensi-
tizer. The solder resist composition may contain, for
example, p-dimethylbenzoic acid ethylester, p-dimethylam-
inobenzoic acid 1soamyl ester, and 2-dimethylaminoethyl
benzoate.
|Amount of Each Component and Preparation Method]

An amount of each component in the solder resist com-
position 1s appropriately adjusted so that the solder resist
composition has photocurability and 1s developable with an
alkaline solution.

An amount of (A) the carboxyl group-containing resin 1s
preferably within a range of 5 to 85 weight % a, more
preferably within a range of 10 to 80 weight %, and further
preferably within a range of 15 to 50 weight %, with respect
to solid content of the solder resist composition.

An amount of (B) the photopolymerizable compound 1s
preferably within a range of 1 to 45 weight %, more
preferably within a range of 2 to 40 weight %, and further
preferably within a range of 10 to 30 weight %, with respect
to the solid content of the solder resist composition.

In a case where the solder resist composition contains the
thermosetting component, an amount of the thermosetting
component 1s preferably within a range of 1.5 to 65 weight
%, more preferably within a range of 2.0 to 60 weight %, and
turther preferably within a range of 3.0 to 35 weight %, with
respect to the solid content of the solder resist composition.

An amount of (C) the photopolymerization initiator is
preferably within a range of 0.1 to 30 weight % and further
preferably within a range of 4 to 20 weight %, with respect
to the solid content of the solder resist composition.

An amount of (D) the fluorescent dye is preferably within
a range of 0.0001 to 80 weight %, with respect to the amount
of the photopolymerization initiator 1n the solder resist
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composition. The amount of the fluorescent dye 1s especially
preferably within a range of 1 to 30 weight % with respect
to the amount of the photopolymerization 1nitiator, and also
preferably within a range ot 0.04 to 2 weight % with respect
to the total content of the solder resist composition.

An amount of (E) the antioxidant i1s preferably within a
range of 0.1 to 20 weight % and further preferably within a
range of 0.3 to 10 weight %, with respect to the amount of
the carboxyl group-containing resin.

An amount of (F) the coloring pigment i1s preferably
within a range of 0.05 to 80 weight %/o0 and further
preferably within a range o1 0.2 to 60 weight %, with respect
to the solid content of the solder resist composition. An
amount of titanium dioxide 1s preferably within a range of 3
to 80 weight % and further preferably within a range of 25
to 60 weight %, with respect to the solid content of the solder
resist composition. In these ranges, the solder resist layer
can exhibit the high concealing property and the high light
reflectivity, and properties required as a resist such as heat
resistance and pencil hardness are also ensured high.

Note that the solid content of the solder resist composition
1s defined as a total amount of all components included in the
solder resist composition except for components such as
solvents which volatilize 1n formation of the solder resist
layer from the solder resist composition. In addition, the
resin content of the solder resist composition 1s defined as a
total amount of the carboxyl group-containing resin, the
photopolymernizable compound, and the thermosetting com-
ponent 1included 1n the solder resist composition.

Ingredients as described above for the solder resist com-
position are combined and kneaded by a known kneading
method using, for example, a three-roll, a ball mill, or a sand
mill to obtain the solder resist composition.

Considering the storage stability of the solder resist
composition, some ol the ingredients of the solder resist
composition may be mixed to obtain a first mixture, and the
rest of the ingredients may be mixed to obtain a second
mixture. That 1s, the solder resist composition may include
the first mixture and the second mixture. For example, the
photopolymernizable compound, some of the organic sol-
vents, and the thermosetting component out of all the
ingredients may be mixed and dispersed 1n advance to obtain
the first mixture, and the rest of the ingredients may be
mixed and dispersed to obtain the second mixture. In this
case, appropriate amounts of the first mixture and the second
mixture may be mixed to obtain a mixture which 1s used to
form the solder resist layer.

[Covered Printed Wiring Board]

The solder resist composition according to the present
embodiment 1s used, for example, to form a solder resist
layer on a printed wiring board. Accordingly, a covered
printed wiring board 1s manufactured.

Described below 1s an example of a method to form the
solder resist layer on the printed wiring board using the
solder resist composition according to the present embodi-
ment. In this example, a solder resist layer 1s formed with a
solder resist composition which has the photocurability and
the thermosettability.

First, a printed wiring board 1s prepared, and a coating
f1lm of the solder resist composition 1s formed on the printed
wiring board. For example, a surface of the printed wiring,
board 1s coated with the solder resist composition to form the
coating film 1n a wet state (wet coating film). A coating
method to coat the printed wiring board with the solder resist
composition 1s selected from a group consisting of known
methods such as, for example, a dipping method, a spray
method, a spin coating method, a roll coating method, a
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curtain coating method, and a screen printing method.
Subsequently, 1 necessary, 1n order for the organic solvent
in the solder resist composition to volatilize, the wet coating
f1lm 1s dried at a temperature, for example, within a range of
60 to 120° C. to obtain the coating film after drying (dry
coating {ilm).

Note that, 1n formation of the coating film on the printed
wiring board, the solder resist composition may be applied
to an appropriate supporting body and dried to form the dry
coating {ilm in advance. The dry coating film may be then
stacked on the printed wiring board, and pressure 1s applied
to the dry coating film and the printed wiring board to form
the dry coating film on the printed wiring board (a dry film
method).

Subsequently, a negative mask 1s placed either directly or
indirectly on the dry coating film on the printed wiring board
and then the active energy rays are 1rradiated to the negative
mask so that the coating film 1s exposed to light through the
negative mask. The negative mask imcludes an exposed part,
which transmits the active energy rays, and an unexposed
part, which does not transmit the active energy rays. The
exposed part of the negative mask has a shape corresponding
to a pattern shape of the solder resist layer. For example,
photo tools such as a mask film and a dry plate are used as
the negative mask. A kind of active energy rays 1s selected
depending on composition of the solder resist composition,
and ultraviolet rays are used 1n the present embodiment. A
light source for ultraviolet rays 1s selected from a group
consisting of, for example, a chemical lamp, a low pressure
mercury lamp, a medium pressure mercury lamp, a high
pressure mercury lamp, an ultra-high pressure mercury
lamp, a xenon lamp, and a metal halide lamp.

Note that a method which does not use a negative mask
may be employed as an exposure method. For example, a
direct drawing method such as laser exposure may be
employed.

In the present embodiment, when the dry coating film 1s
exposed to ultraviolet rays, the photocuring reaction pro-
ceeds efliciently 1n the dry coating film from 1ts surface part
to 1ts deep part, as described above.

After the dry coating film 1s exposed to light, the negative
mask 1s removed from the printed wiring board and then the
dry coating film undergoes a development process to remove
the unexposed part of the dry coating film. Accordingly, the
exposed part of the dry coating film remains as the solder
resist layer on a first surface and a second surface of the
printed wiring board.

In the development process, an appropriate developer
depending on the composition of the solder resist composi-
tion may be used. Examples of the developer may include
alkaline solutions such as aqueous solutions of sodium
carbonate, potassium carbonate, ammonium carbonate,
sodium hydrogen carbonate, potassium hydrogen carbonate,
ammonium hydrogen carbonate, sodium hydroxide, potas-
sium hydroxide, ammonium hydroxide, tetramethylammo-
nium hydroxide, and lithium hydroxide. Organic amines
such as monoethanol amine, diethanol amine, triethanol
amine, monoisopropanol amine, diisopropanol amine, and
trizsopropanol amine may be used as the developer. Above
described developers may be used alone or 1n combination.
When the developer 1s the alkaline solution, a solvent of the
alkaline solution may be water alone or may be a mixture of
water and a hydrophilic organic solvent such as lower
alcohols.

When the solder resist composition contains the thermo-
setting component, the solder resist layer may be thermo-
setted by heat treatment, 11 necessary. As for conditions of
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the heat treatment, for example, a heating temperature 1s
within a range of 120 to 180° C. and a heating period 1s
within a range of 30 to 90 minutes. Accordingly, properties
of the solder resist layer, such as strength, hardness, and
chemical resistance, are improved.

Furthermore, after the solder resist layer undergoes the
heat treatment, the solder resist layer may be 1rradiated with
ultraviolet rays again 1f necessary. In this case, the photo-
curing reaction further proceeds in the solder resist layer.
Accordingly, migration resistance of the solder resist layer 1s
turther improved.

As a result, the covered printed wiring board which
includes the printed wiring board and the solder resist layer
covering the printed wiring board is obtained. In the present
embodiment, the solder resist layer 1s cured thoroughly from
its surface to its deep part.

The present embodiment explained above has the follow-
ing characteristics.

The solder resist composition according to the present
embodiment contains: (A) the carboxyl group-containing
resin; (B) the photopolymerizable compound selected from
a group consisting ol a photopolymerizable monomer and a
photopolymenizable prepolymer; (C) the photopolymeriza-
tion initiator containing the bisacylphosphine oxide-based
photopolymerization mitiator and the o-hydroxy alkylphe-
none-based photopolymerization mitiator; and (D) the fluo-
rescent dye. The bisacylphosphine oxide-based photopoly-
merization 1nitiator 1s  bis-(2,4,6-trimethylbenzoyl)-
phenylphosphine oxide. The a-hydroxy alkylphenone-based
photopolymernization mitiator 1s 2-hydroxy-2-methyl-1-phe-
nyl-propane-1-one. The mass ratio of the bis-(2,4,6-trimeth-
ylbenzoyl)-phenylphosphine oxide to the 2-hydroxy-2-
methyl-1-phenyl-propane-1-one 1s 2:1 to 1:10.

Accordingly, the crystals of the bisacylphosphine oxide-
based photopolymerization initiator are less likely to be
precipitated in the solder resist composition according to the
present embodiment. Due to this, the solder resist compo-
sition has the good storage stability. Also, the photo-curing
reaction proceeds efliciently from the surface to the deep
part of the coating film formed with the solder resist com-
position under exposure to ultraviolet rays.

In addition to the above characteristics, it 1s preferable
that the solder resist composition of the present embodiment
turther contains (E) the antioxidant.

Accordingly, generation of oxygen radicals which may
inhibit UV curing 1s prevented under exposure to light,
making 1t possible to increase the resolution of the solder
resist composition according to the present embodiment. In
addition, the antioxidant can remove oxygen which may
promote coloring of the solder resist layer during heat
treatment of the printed wiring board (the covered printed
wiring board below) including the solder resist layer, leading,
to less yellowing of the solder resist layer due to heat.

In addition to the above characteristics, it 1s preferable
that (A) the carboxyl group-containing resin 1s (A2) the
carboxyl group-containing resin which contains a photopo-
lymerizable functional group, in the present embodiment.

Accordingly, (A) the carboxyl group-containing resin can
be polymerized by both of photopolymerization and thermal
polymerization, leading to the high sensitivity.

In addition to the above characteristics, 1t 1s preferable
that the solder resist composition of the present embodiment
turther contains (F) the coloring pigment.

Accordingly, the light reflectivity and the concealing
property of the solder resist layer can be improved.
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In addition to the above characteristics, 1t 1s preferable
that (F) the coloring pigment i1s the white pigment or the
black pigment, 1n the present embodiment.

Accordingly, the light retlectivity and the concealing
property of the solder resist layer can be further improved.

The covered printed wiring board according to the present
embodiment includes: the printed wiring board; and the
solder resist layer covering the printed wiring board. The
solder resist layer 1s formed with the solder resist compo-
sition according to any one of the above described solder
resist compositions.

Accordingly, the solder resist layer 1s thoroughly cured
from the surface to the deep part 1n the covered printed
wiring board according to the present embodiment.

EXAMPLES

Heremaiter, examples of the present invention are
described. Note that the present invention 1s not limited to
following examples.

Preparations of Carboxyl Group-Containing Resin
Solutions

Synthesis Example 1

48 parts by mass of methacrylic acid, 50 parts by mass of

m-carboxyl-polycaprolactone (n=~2) monoacrylate
(ARONIX M-35300 manufactured by TOAGOSEI CO.,
L'TD.), 92 parts by mass of methyl methacrylate, 10 parts by
mass of styrene, 430 parts by mass of dipropylene glycol
monomethyl ether, and 3.5 parts by mass of azobisisobuty-
ronitrile were added to a four-neck flask equipped with a
reflux condenser, a thermometer, a glass tube for nitrogen-
substitution, and a stirrer. A mixture 1n the four-neck flask
was heated at 75° C. for 5 hours under a nitrogen gas stream
for a polymerization reaction to proceed, resulting 1n a 32%
copolymer solution.

0.1 parts by mass of hydroquinone, 64 parts by mass of
glycidyl methacrylate, and 0.8 parts by mass of dimethyl-
benzylamine were added to the copolymer solution and then
the mixture was heated at 80° C. for 24 hours for an addition
reaction to proceed. As a result, a 38% solution (carboxyl
group-containing resin solution A) of a compound which
contains a carboxyl group and an ethylene-based unsaturated
group was obtained.

Synthesis Example 2

60 parts by mass of methacrylic acid, 20 parts by mass of
N-phenylmaleimide, 80 parts by mass ol methyl methacry-
late, 20 parts by mass of t-butyl methacrylate, 20 parts by
mass of styrene, 300 parts by mass of dipropylene glycol
monomethyl ether, and 3.5 parts by mass of azobisisobuty-
ronitrile were added to a four-neck flask equipped with a
reflux condenser, a thermometer, a glass tube for nitrogen-
substitution, and a stirrer. A mixture 1n the four-neck flask
was heated at 75° C. for 5 hours under a nitrogen gas stream
for a polymerization reaction to proceed. As a result, a 40%
solution (carboxyl group-containing resin solution B) of a
compound which contains a carboxyl group was obtained.

| Preparations of Solder Resist Compositions]

A mixture obtained by mixing components listed 1n the
tables below was kneaded using three-roll to obtain a solder
resist composition. Note that details of the components
listed 1n the tables are as following.
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*Epoxy compound: 1socyanuric acid triglycidyl manufac-
tured NISSAN CHEMICAL INDUSTRIES, Ltd., item No.
TEPIC-HP).

*Photopolymerizable  compound:  dipentaerythritol
hexaacrylate (manufactured by Nippon. Kayaku Co., Ltd.,
item No. KAYARAD DPHA).

*T1tanium dioxide A: ruflle titanium dioxide manufac-
tured by a sulifuric acid method, manufactured by SAKAI
CHEMICAL INDUSTRY CO., LTD., item No. R-79.

*I1tanium dioxide B: ruflle titanium dioxide manufac-
tured by a chlorine method, manufactured by ISHIHARA
SANGYO KAISHA, LTD., item No. CR-90

*Carbon black: manufactured by Mitsubish1 Chemical
Corporation, 1item No. MA-7.

*Barium sulfate: manufactured by SAKAI CHEMICAL
INDUSTRY CO., LTD., item No. BARIACE B30,

*Photopolymerization mitiator A: bis-(2,4,6-trimethyl-
benzoyl)-phenylphosphine oxide, manufactured by BASFE,
item No. Irgacure 819.

*Photopolymerization imtiator B: 2,4,6-trimethylol-di-
phenyl-phosphine oxide, manufactured by BASF, item No.
Irgacure 1PO.

*Photopolymerization mitiator C: 2-hydroxy-2-methyl-1-
phenyl-propane-1-one, manufactured by BASEF, item No.
Irgacure 1173.

*Photopolymerization imtiator D: 1-hydroxy-cyclohexyl-
phenyl-ketone, manufactured by BASE, item No. Irgacure
184.

*Antioxidant: 2,4,6-tr1s(3',5'-di-tert-butyl-4'-hydroxyben-
zyl)mesitylene, manufactured by BASF, item No.
IRGANOX 1330.

*Melamine: manufactured by NISSAN CHEMICAL.
INDUSTRIES, Ltd., fine-particulate melamine.

*Defoamer: manufactured by Shin-Etsu Chemical. Co.,
[td., item No. KS-66.

Fluorescent dye A: a naphthalene benzoxazole denvative,
manufactured by Clarnant Japan K.K., item No. Hostalux
KCB.

*Phosphorescent Fluorescent dye B: 2,5-thiophenediylbis
(5-tert-butyl-1,3-benzoxazole), manufactured by BASE,
item No, TINOPAL OB.
|[Evaluation Tests]

(1) Preparation of Test Pieces

A glass epoxy copper-clad laminated plate including a
copper foil with thickness of 35 um was prepared. A
conductor wiring was formed by etching on the glass epoxy
copper-clad laminated plate to obtain a printed wiring board.
A surface of the obtained printed wiring board was entirely
coated with the solder resist composition by a screen print-
ing method and thereby a coating film was formed. The
coating film was dried by heating at 80° C. for 20 minutes.
Thickness of the coating film after drying (dry coating film)
was 20 um. With a negative mask placed directly on the dry
coating film, the negative mask was 1rradiated with ultra-
violet rays, and accordingly the dry coating film was selec-
tively exposed to light with 400 mJ/cm” of exposure. Then,
the negative mask was removed from the dry coating film,
and the dry coating film was developed with a 1% carbonate
aqueous solution for 60 seconds so that a part of the dry
coating film, which was cured due to exposure to light,

remained as a solder resist layer on the printed wiring board.
The solder resist layer was further heated at 150° C. for 60
minutes and thermosetted. As a result, a test piece including,
the solder resist layer was obtained.
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Following evaluation tests were carried out for each test
piece.
(2) Evaluation of Photosensitivity (Remained Steps)

A test mask for exposure to light (Step Tablet PHOTEC
21-steps manutactured by Hitachi Chemical Co., Ltd.) was

directly placed and attached by low pressure adhesion on the

dry coating film formed with the solder resist composition of
cach example and comparative example. Then, the dry
coating film was wrradiated with ultraviolet rays with irra-
diation energy density of 400 mJ/cm” through the test mask,
using a both-side exposing device of low pressure adhesion
type manufactured by ORC Manufacturing Co., Ltd. (model
No. ORC HMW680GW). The dry coating film was then

developed with a developer (a sodium carbonate aqueous

solution with concentration of 1 weight %). Photosensitivity
of the dry coating film was evaluated 1n terms of the number
of remained steps.

(3) Evaluation of Curability 1n the Deep Part (Evaluation of
Remained Solder Dam)

A printed wiring board including a copper conductor
wiring with line width of 0.2 mm, line interval of 0.3 mm,
and thickness of 40 um was prepared. A negative mask,
which has a mask pattern to form solder dams with four
different widths of 50 um, 75 um, 90 um, and 100 um was
used. Under the same conditions as the preparation of the
test pieces other than using the above printed wiring board
and the above negative mask, solder dams with thickness of
60 um were formed on the printed wiring board.

Peeling test was carried out on the solder dams using a
cellophane adhesion tape, and a mimimum width of the
remained solder dams, which was not peeled off, on the

printed wiring board was measured. It 1s evaluated that the
smaller the mimimum width 1s, the higher curing degree 1s 1n
the deep part of the solder dams.

(4) Evaluation of Heat Yellowing Resistance

A b* value 1n L*a*b* color system was measured for the
solder resist layer of each test piece right after preparation,
using a spectral colorimeter manufactured by KONICA

MINOLTA SENSING, INC. (model No. CM-600d). Suc-

at 250° C. for 5
minutes and then the b* value of the solder resist layer was

ceedingly, each test piece was heated

measured again. A value (Ab*) was calculated by subtracting
the b* value of the solder resist layer before heating from the

b* value of the solder resist layer after heating. The results
were evaluated as follows.

A: The Ab* value was less than or equal to 1.4.

B: The Ab* value was 1.5 to 1.9.

C: The Ab* value was 2.0 to 2.4.

D: The Ab* value was larger than or equal to 2.5.
(5) Evaluation of Storage Stability

The solder resist composition was stored 1n a refrigerator
at 4° C. for a week. After that, the solder resist composition
was applied on a glass plate at a thickness of 20 um, and the
applied coating film was observed visually. The results were
evaluated as follows.

A: No particles (microparticles) are observed in the coating,
f1lm.

B: Particles (microparticles) are observed in the coating
f1lm.
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TABLE 1
Examples
1 2 3 4 S 6 7 8 9 10
Composition Carboxyl group-containing resin solution A 80 80 80 80 80 80 80 — 80 80
(parts by mass) Carboxyl group-containing resin solution B — — — — — — — &0 — —
Epoxy compound 7 7 7 7 7 7 7 7 7 7
Photopolymerizable compound 25 25 25 25 25 25 25 30 25 25
Titanium dioxide A 80 — 80 80 80 80 80 80 — 80
Titanium dioxide B — 80 — — — — — — — —
Carbon black — — — — — — — — 1.5 —
Barium sulfate — — — — — — — — 70 —
Photopolymerizable initiator A 3 3 2 4 4 4 5 5 5 3
Photopolymerizable initiator B — — 5 — — — — — — 3
Photopolymerizable initiator C 6 3 20 10 10 10 12 12 12 1.5
Photopolymerizable initiator D — 3 — — — — — — — —
Antioxidant 1 1 1 1 1 1 1 1 1 1
Melamine 2 2 2 2 2 2 2 2 2 2
Defoamer 2 2 2 2 2 2 2 2 2 2
Fluorescent dye A 0.3 0.3 0.3 0.2 2 0.15 - 0.5 — 0.3
Fluorescent dye B — — — — — — 0.3 — 0.5 —
Evaluation Photosensitivity 10 10 12 11 11 11 12 9 12 10
urability in the deep part (um) 50 50 75 50 50 50 50 75 50 50
Heat yellowing resistance A A A A A A A A — A
Storage stability A A A A A A A A A A
Comparative examples
1 2 3 4 5 0
Composition Carboxyl group-containing resin solution A 80 80 80 80 80 80
(parts by mass) Carboxyl group-containing resin solution B — — — — — —
Epoxy compound 7 7 7 7 7 7
Photopolymerizable compound 25 25 25 25 25 25
Titanium dioxide A 80 80 80 80 R0 80
Titanium dioxide B — — — — — —
Carbon black — — — — — 1.5
Barium sulfate — — — — — 70
Photopolymerizable initiator A 4 2 5 — — 5
Photopolymerizable initiator B - 5 - 5 5 -
Photopolymerizable initiator C 10 30 2 — — —
Photopolymerizable initiator D - - - 10 10 -
Antioxidant 1 1 1 1 — —
Melamine 2 2 2 2 2 2
Defoamer 2 2 2 2 2 2
Fluorescent dye A — 0.3 0.2 0.2 0.2 —
Fluorescent dye B — — — — — —
Evaluation Photosensitivity 8 12 11 6 6 9
urability in the deep part (um) 75 90 50 90 100 75
Heat yellowing resistance A B A A D —
Storage stability A A B A A B
45

The 1nvention claimed 1s: an amount of (E) the antioxidant being within a range of

1. A solder resist composition comprising: 0.1 to 20 weight % with respect to an amount of (A) the

(A) a carboxyl group-containing resin; carboxyl group-containing resin,

(B) a photopolymerizable compound selected from a (F) the coloring pigment contaiming a black pigment, and
group consisting of a photopolymerizable monomer 50  an amount of the black pigment being within a range of
and a photopolymerizable prepolymer; 0.2 to 80 weight % with respect to a solid content of the

(C) a photopolymerization initiator containing a bisacyl- solder resist composition.
phosphine oxide-based photopolymerization initiator 2. The solder resist composition according to claim 1,
and an o-hydroxy alkylphenone-based photopolymer- wherein
1zation 1nmitiator; 55  (A) the carboxyl group-containing resin 1s (A2) a car-

(D) a fluorescent dye; boxyl group-containing resin which contains a photo-

(E) an antioxidant containing a phenol antioxidant; and polymerizable functional group.

(F) a coloring pigment, 3. The solder resist composition according to claim 1,

the bisacylphosphine oxide-based photopolymerization wherein the black pigment 1s selected from the group
initiator being bis-(2,4,6-trimethylbenzoyl)-phenyl- 60 consisting of carbon black, perylene black, titanium black,
phosphine oxide, cyanine black, anmiline black, and a mixed-color organic

the a-hydroxy alkylphenone-based photopolymerization pigment which 1s pseudo blackened by mixing two or more
initiator being 2-hydroxy-2-methyl-1-phenyl-propane- kinds of pigments.
1-one, 4. The solder resist composition according to claim 1,
a mass ratio of the bis-(2.4,6-timethylbenzoyl)-phenyl- 65 further comprising an adhesiveness-imparting agent selected

phosphine oxide to the 2-hydroxy-2-methyl-1-phenyl-
propane-1-one being 2:1 to 1:10,

from the group consisting of guanamine, acetoguanamine,
benzoguanamine, melamine, and S-triazine derivatives.
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5. The solder resist composition according to claim 1,
further comprising an iorganic filler selected from the
group consisting of barium sulfate, crystalline silica, nano
silica, carbon nanotube, talc, bentonite, aluminum hydrox-
ide, magnesium hydroxide, magnesium oxide, and calcium 5

carbonate.
6. A covered printed wiring board, comprising:
a printed wiring board; and
a solder resist layer covering the printed wiring board,
the solder resist layer being formed with the solder resist 10
composition according to claim 1.
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